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INTRODUCTION
Many modernization programs for the operation of canals that deliver water to the
agricultural community involve the mechanization of canal gates. Gate actuators provide
a method of raising and lowering canal gates using electric motors instead of human
power. A common response to reports recommending gate actuators has been that the
cost of purchasing and the cost and complexity of maintaining commercially available
actuators are very high, in some cases high enough to jeopardize implementation of the
modernization plan.
On behalf of two USBR (U.S. Bureau of Reclamation) Water Conservation offices (MidPacific and Yuma), ITRC has investigated four alternatives to commercially available
actuators designed specifically for the operation of canal gates. The four alternatives
include three designs for locally constructed actuators by the Palo Verde Irrigation
District (PVID), the Tulelake Irrigation District (TID) and the USBR in Provo, Utah.
The fourth alternative is a general-purpose motorized screw jack called a ComDRIVE®
made by Joyce®.
Common to most sluice gate actuators are the following elements:

• A threaded stem or screw jack attached directly to the gate.
Actuators for Sluice Gates

Page 1
November 2000

Irrigation Training and Research Center
Cal Poly, San Luis Obispo, CA.
www.itrc.org

www.itrc.org/reports/pdf/sluicegates.pdf

Actuators for Sluice Gates

ITRC Report No. R 00-006

• A lifting nut that rotates to raise and lower the stem.
• Reduction gear mechanisms (including chain driven sprockets) used to control the
speed of the gate and to provide a mechanical advantage to overcome the forces
involved in lifting the gate.

• A motor to provide the lifting force.
• Limit switches to stop the motor once the gate has reached the upper or lower
limit of travel.

• A position sensor to communicate the position of the gate.
Commercial actuators generally have additional electronic features built into them for
control or safety purposes, and all of the components are placed into a tight bundle.
ITRC has found that irrigation district personnel (especially in small irrigation districts)
are unable to troubleshoot or repair the commercial actuators. Therefore, if one small
component has a problem, the complete unit will often be abandoned. Irrigation district
personnel appear to be willing to forego some of the extra capabilities in order to gain
simplicity and ease of service and component replacement.
The remainder of this report describes the elements of a gate actuator, and how the
various elements are addressed by the four designs investigated. It does not include a
discussion of the electrical wiring or automatic control logic.

STEM/SCREW JACKS
The stem (or screw jack) is the element that attaches directly to the gate and applies the
lifting force. The stem is simply a long threaded shaft. The stem can be a rising stem –
that is, the bottom of the stem is attached directly to the gate. The stem does not rotate
but moves up and down as a lifting nut attached to the gate frame rotates. The stem can
also be a “non-rising stem”. A non-rising stem is attached to the gate through a nonrotating “lifting nut” that is permanently affixed to the gate. The stem rotates and the
lifting nut travels up and down the stem, and thus the gate travels up and down. Gates
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with rising stems are used much more frequently than gates with non-rising stems
because the stem and lifting nut are more likely to be kept out of the water.
All further discussion assumes a rising stem.

S tem o r Screw Jack
(Attached to G ate)

S luice
G ate

Figure 1. Stem or Screw Jack.
The design of the stem impacts the overall function of gate actuators because it is one of
the “gear” reduction elements. The pitch of the thread (the distance between threads) has
a direct impact on the overall performance because the pitch determines how many
rotations of the lifting nut are required to move the stem a given distance. The smaller
the pitch the more threads there are per unit length. The more threads per unit length the
larger the number of rotations of the lifting nut required to lift the gate a given distance,
the slower the gate speed, and the lower the required motor horsepower.
There are two choices for the stem: the stem supplied by the gate manufacturer, or a stem
that is part of a srew jack assembly (see Figure 2). If the stem is supplied by the gate
manufacturer then a method of driving the standard lifting nut is required. If a screw jack
assembly is used then the stem is driven by an enclosed worm gear and nut.
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The Palo Verde Irrigation District gate actuator uses a screw jack assembly (Figure 2)
from Joyce® . The Tulelake and Provo actuators use the stem supplied by the gate
manufacturer.

Stem
Lifting Nut

Driveshaft

Worm Gear

Figure 2. Elements of a Joyce® screw jack. (Graphic courtesy Joyce®).

DRIVING THE STEM
For gates using a screw jack assembly (the PVID gate actuator) the stem is driven with a
worm gear and lifting nut contained in a single housing. The outside circumference of
the lifting nut is threaded to match the worm gear threads. The inside circumference of
the lifting nut is threaded to match the screw jack. The worm gear drives the lifting nut
which turns and lifts the screw jack. The worm gear is rotated by a drive shaft that
extends from the gear assembly and that will accept a sprocket for a chain drive or a
coupler to another drive shaft. The worm gear can also be rotated with a direct motor
mount.
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For gates using the stem supplied by the manufacturer there must be a method of rotating
the lifting nut – which is also supplied by the manufacturer. The makers of the Tulelake
and Provo gate actuators machine the outside circumference of the lifting nut so it is
round, then fit the rounded nut into a hole machined into a chain sprocket. The lifting nut
is prevented from turning in the chain sprocket with a key. See Figure 3 for the
sprocket/lifting nut. The sprocket rotates the lifting nut which moves the stem up or
down.

Sprocket

Rounded Lifting Nut
Original Shape of
Lifting Nut
Key

Figure 3. Rounded Lifting Nut in Sprocket.

REDUCTION GEAR SYSTEM
Because motors typically operate at speeds of around 1700 rpm (or faster) the rotating
action of the motor must be reduced so that the vertical travel speed of the stem is
appropriate – generally between 1 inch per minute and 6 inches per minute. Further, the
speed reduction also keeps the motor horsepower requirement to a minimum. This speed
reduction can be accomplished in several ways. The common methods are a gearbox, a
chain drive, and/or a worm gear.
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The PVID actuator system uses a 5:1 reduction gear that drives a 1:1 chain drive. The
chain drive is connected to the drive shaft of the Joyce® screw jack. This drive shaft
drives a worm gear/lifting nut assembly. The worm gear assembly has a 25:1 reduction.
The combined reduction of the gearbox, drive chain, and worm gear is 5:1 x 1:1 x 25:1,
or 125:1. This means it takes 125 revolutions of the motor for one revolution of the
worm gear assembly output. This will lift the stem 0.375 inches. Since the PVID motors
spin at 1700 rpm the output of the gearbox is rotating at 1700/5 = 340 rpm. Since the
chain drive has a 1:1 ratio the input to the worm gear is also rotating at 340 rpm. The
25:1 reduction in the worm gear assembly decreases the rotational speed of the lifting nut
to 13.6 revolutions per minute. Since one revolution of the lifting nut moves the stem
0.375 inches the stem will travel at 13.6 rev/min x 0.375inches/rev, or 5.1 inches per
minute.

Side View
Motor

5:1
Reduction
Gear Box

Front View
Sprocket

Sprocket
1:1 Chain Drive

Joyce Jack
(Worm Gear)
@ 25:1 Reduction

Sprocket

Gate

Figure 4. PVID Drive Mechanism.
The Tulelake gate actuator takes a slightly different approach. The motor is attached
directly to a right-angle worm gear assembly. The output of the worm gear assembly
drives a chain sprocket assembly. The output of the chain and sprocket combination
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drives the lifting nut directly, thereby lifting the stem. The right-angle worm gear has a
60:1 reduction and the chain drive has a 2:1 reduction. This means the overall reduction
from the motor to the lifting nut is 120:1 (very close to the 125:1 reduction PVID uses).
If the motor speed and the pitch of the threads on the stem are the same as the PVID gate
actuator (1700 rpm and 0.375 inches) then the stem will travel at about 5.3 inches per
minute.

2:1 Reduction
Chain Drive

1/3 HP Motor

60:1 Right Angle
Reduction Gear
To Gate

Figure 5. Tulelake Drive Mechanism.
The USBR gate actuator takes still another approach. A “gear motor” – a motor and a
reduction gearbox combined as an integral unit – is used. The gear motor,which drives a
chain sprocket, has an 80:1 reduction ratio with an output speed of 20 rpm. The sprocket
and chain assembly have a 2.67:1 reduction ratio (12 teeth on the input sprocket, 32 teeth
on the output sprocket). This makes the overall reduction 213.3:1. The stem has a thread
pitch of .375 inches. The speed of the lifting nut is 20 rpm/2.67 or about 7.5 rpm. This
means the stem will travel about 2.8 inches per minute.
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with 32
teeth

Screw
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Figure 6. USBR Drive Mechanism.

MOTORS
The purpose of the motors is obvious. They turn an input shaft that drives the reduction
gear system and lifts the stem. There are several factors that are important. First, the
motors must be strong enough to overcome all the forces involved. It is beyond the scope
of this report to analyze the motor power but it is sufficient to say that fractional
horsepower motors are adequate for all the applications investigated. PVID uses a 1/2 hp
motor, Tulelake uses a 1/3 hp motor, and the Provo actuator uses a 1/15 hp motor.
Obviously, the specific circumstances dictate the power of the motor. A heavier gate
requires more horsepower. A gate operating with a big difference in head across the gate
requires more horsepower. A fast moving gate requires more horsepower than a slow
moving gate. In general, the forces that need to be overcome by the motor include the
weight of the gate, the friction forces between the gate and the gate guides (which are
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affected by the head across the gate), and the internal friction forces in the reduction
gears. In short, the specific application will determine the size of the motor. Joyce®
provides tables and a computer program to determine the motor horsepower required to
lift a certain load at a specified speed using their equipment.
The type of available power dictates which type of motor is best. The first choice is
three-phase AC power. This is because it is very easy to reverse the direction of rotation
of the motor. The second choice is single-phase AC power. While it is a little more
difficult to reverse the direction of rotation compared to three-phase AC or DC motors, if
single-phase AC power is available it is more reliable and generally less expensive than
solar charged DC power systems. If there is no AC power available then solar charged
DC power is the only realistic choice. Obviously, if DC power is the only choice then
DC motors must be used.

JOYCE COMDRIVE�
There is a commercially available product that combines all the elements discussed above
in one integral unit. It is the ComDRIVE® made by Joyce®. The ComDRIVE® uses the
same screw jack that is used by the PVID gate actuator. However, the ComDRIVE® adds
a right-angle reduction gearbox and a properly sized motor into one compact unit. There
are no chain drives used by the unit. Limit switches and position sensors are available as
options. A ComDRIVE® designed to lift 4000 pounds at about 2 inches per minute uses
a 1/3 horsepower motor. The suggested list price for the two-ton ComDRIVE® (without
the optional limit switches and position sensor) is under $2000. Figure 7 shows an image
of a ComDRIVE. This particular image is of a jack with the “working end” of the screw
above the drive. For a gate actuator the screw would extend below the unit and would be
attached directly to the gate.
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Figure 7 ComDRIVE� by Joyce� (Graphic courtesy Joyce®).

MOTOR STARTERS
The common characteristic of all the motors used for gate actuators is that they must
work in both directions – forward and reverse – so that the stem can be driven up and
down. A reversing motor starter unit is an element that starts the motors and determines
the direction of rotation of the motor by changing the electrical connections to the motor.
A DC motor is reversed by reversing the polarity of either the input current or the motor
windings. A three-phase AC motor is reversed by reversing any two of the power leads.
A single-phase AC motor is reversed by reversing the starting winding connections. Care
must be taken to be sure that the motor selected can, in fact, be operated in the reverse
direction. Some motors cannot be reversed because of the physical nature of the internal
motor components.
The motor starter also provides an opportunity to adjust the speed of the gate if it is
discovered that the gate is moving too fast. In essence, timers are put on the starter
Actuators for Sluice Gates
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relays. With the timer in place, if a continuous run situation occurs the timer will run for
a predetermined period of time, then stop for a predetermined period of time, then
restart…. and so on until the “command” to change the gate positions is completed. TID
uses this concept to slow down gates that are moved too quickly by their actuator.
There is one final consideration of motors and reversing motor starters. When a motor is
equipped with reversing motor starters the motor and the actuator mechanism can be
damaged if the direction of rotation of the motor is reversed while the motor is spinning.
There are two ways to overcome this damage potential. One way is to include a brake on
the motor. When the power to the motor is cut off the brake is automatically applied and
the motor stops before it can be reversed. The second way to overcome the problem is to
introduce a relay with an adjustable time delay between the stop command and the
command to start in the reverse direction. This will allow sufficient time for the motor to
stop on its own before the motor starts in the reverse direction. None of the locally made
actuators investigated used either of these methods and have suffered no ill effects. This
is for two reasons. First, the gates stop very quickly without a braking device. Second,
there are virtually no realistic circumstances where the direction of the gate needs to be
quickly reversed, unless there are problems with the control system.
Reversing motor starters are a common component available from many sources. PVID
uses motor starters by Sprecher & Schuh. Tulelake ID uses motor starters by Magnetek.
Other sources include Square D, Telemecanique, Cutler-Hammer, General Electric, and
Westinghouse to name a few. There are different reversing motor starters for DC motors,
single- phase AC motors and three-phase AC motors.

LIMIT SWITCHES
The limit switch prevents the gate from continuing to travel once the limit of travel has
been reached. It does not prevent the motor from restarting in the opposite direction. If a
gate reaches its upper limit of travel the motor is turned off and prevented from restarting
in the up direction. The motor will start and run in the down direction only. Conversely,
if a gate reaches its lower limit of travel the motor is turned off and prevented from
Actuators for Sluice Gates
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restarting in the down direction. The limit switch is required to prevent damage to the
actuator or the gate caused by continuing to force the gate open or closed when the limit
of travel has been reached.
The PVID and Tulelake gate systems use a single limit switch for the up limit and the
down limit. The single limit switch has two contacts – one for each direction of travel.
The switch is activated by stops on a vertical rod that is connected directly to the gate and
travels up and down as the gate moves. The stops are simply protrusions on the rod. As
the stop passes the switch it deflects the switch in the direction of travel. The direction
that the switch is tripped determines which direction of travel is stopped.

Adjustable Stops

Off
On

Screw

Off
Limit
Switch

Gate

Figure 8. PVID and Tulelake Limit Switch.
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The USBR gate actuator uses a limit switch mechanism that is part of the position
sensing mechanism. This limit switch will be discussed as part of the position sensor
discussion for the USBR gate below.

POSITION SENSORS
As the name implies, a position sensor communicates the position of a gate – how much
opening there is under the gate (for a sluice gate or a radial gate) or over the gate (for an
overshot gate). The previously discussed gate actuator components have been
mandatory, but position sensors may or may not be required. For example, the old
Littleman control logic does not incorporate the gate position into its logic. Improved
gate automation logic, such as is used by ITRC for submerged gate applications, requires
knowledge of the gate position...and results in better control than can be obtained with
the Littleman. Perhaps the most common usage of a position sensor is to provide a value
to a remote monitoring or SCADA system, so that personnel in the office know the gate
position without having to drive to the site.
The PVID gate position sensor is a potentiometer connected to the gate using a steel
cable. The cable runs up from the gate, over a pulley, and then back down to a
counterweight. The shaft of the potentiometer is the axle of the pulley. As the gate rises
the counterweighted cable rotates the pulley which turns the shaft of the potentiometer
changing the electrical output of the device. The PVID gate position sensor uses a 5 turn,
250 ohm potentiometer – which means the potentiometer goes from minimum to
maximum resistance in 5 turns. The pulley is a special pulley that has a circumference of
exactly one foot. Therefore, one foot of travel of the cable rotates the potentiometer one
turn – or 20% of its full deflection scale. The device has a range of five feet – one foot
per turn for five turns is five feet. The voltage returned across the potentiometer is the
signal that tells their SCADA system what the position of the gate is. Essentially, the
PVID position sensor is a homemade “Celesco®” unit with a counter weight instead of a
spring return.
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Figure 9. PVID Position Sensor.
The USBR gate position sensor is considerably more complex in both construction and
logic, and requires local machining of a number of sprockets. USBR also uses a
potentiometer to signal the gate position. However, the method of rotating the “pot” is
quite different. USBR uses a chain drive to rotate a “wheel”. The wheel has a gear
around a portion of the circumference of the wheel. As the wheel turns, the gear turns
another small gear that turns the potentiometer.
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Adjustable Stops

Potentiometer
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off when pivot
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Off
Drive

Off
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Figure 10. USBR Limit Switch and Position Sensor.
Also attached to the wheel are “tabs.” The tabs represent the limits of the gate travel as
indicated by the position of the wheel. As the gate rises the tabs rotate with the wheel.
As the gate approaches the limit of upward travel the upward tab contacts a pivot arm
which moves a micro limit switch. Conversely, as the gate approaches the limit of
downward travel the pivot arm contacts a different micro switch. Each of the two micro
switches acts as described above for one position of the two-position limit switches used
by PVID and Tulelake.
The following table lists the various components of the four gate actuators discussed in
this report and provides details about the various components.
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Screw Drive Device

®
Joyce ack 0.375" Supplied with gate
pitch Acme threads

Supplied with gate

Joyce® jack

Internal nut with
Joyce® jack

Modified lifting nut
supplied with gatedriven with chain
sprocket
80:1 Gear motor to
2.67:1 reduction chain
drive

Internal nut with
Joyce® jack

Modified lifting nut
supplied with gatedriven with chain
sprocket
5:1 reduction gear 60:1 right angle
to 1:1 chain to 24:1 reduction gear to 2:1
reduction chain drive
worm drive

Reduction Gearing

120:1

120:1

Overall Reduction
1/2 hp Baldor

1/3 hp Baldor

Sprecher Schun

Magnetek Induction type
control relay and
sensors

Motor

Motor Starter

Limit Switches

Position Sensor

Joyce
Comdrive
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Provo

PVID

Tulelake
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"Gate following
rod" with
adjustable stops
that trip a single,
two position switch
5-turn, 250 Ohm
potentiometer
attached to
precision pulley
which is driven by
counterweighted
cable attached
directly to gate.

depends on model between 5 and 10:1
reduction gear with
24:1 wormgear
assembly

214:1 120 to 240:1
(depends on
desired travel
speed)
1/15 hp -20rpm shaft 1700 rpm, 1/3 hp
output Dayton
gearmotor
DC motor starter Optional

Pivot arm deflected by Optional
tabs on "clock works"
"Gate following rod" trips one of two limit
with adjustable stops switches
that trip a single, two
position switch
No position sensor Potentiometer driven by Optional
"clock works"

OPERATION DURING POWER FAILURE
Safety and common practice dictate that there must be a way to operate a canal gate
during a power failure. PVID keeps a hand wheel near every gate actuator. The hand
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wheel attaches directly to the unused end of the driveshaft of the Joyce jack (Joyce makes
the worm gear drive shaft extend in both directions, one end is used for the chain
sprocket, one end is used only for the hand wheel). The Provo actuator has a hand wheel
permanently attached to the chain sprocket that carries the lifting nut.
Regardless of how the wheel is attached it should be attached as near the stem as
practical. The first choice is to turn the lifting nut directly (the Provo actuator). The
second choice is the next element up the drive train. In the case of the Joyce® products
this would be the driveshaft that turns the worm gear. The reason behind this logic is
that, while the force on the hand wheel decreases as you move away from the lifting nut,
the number of turns required to lift a gate increases. If the lifting nut is turned directly
then it takes almost three rotations of the hand wheel to lift the gate one inch. If the drive
shaft of a Joyce® jack is used it takes about 67 rotations of the hand wheel to lift the gate
one inch. If a hand wheel were attached to the motor driveshaft of a 1700 rpm motor that
drives a 120:1 reduction system, it would take 320 turns to lift a screw with a pitch of
0.375 inches one inch. Four-feet of travel would require over 15,000 turns. In general, it
is within the ability of most ditch riders/operators to turn the lifting nut of a small to
medium sluice gate directly.

ITRC OBSERVATIONS AND RECOMMENDATIONS
1. The PVID, Tulelake ID, Provo, and complete Joyce ComDRIVE®
motor/gearbox/drive systems all appear to have good attributes. Although the Joyce
ComDRIVE® has not been observed working in an irrigation district, it may have
special advantages because it is a single unit (but without the complexities of the
more complete commercial units that have historically been sold to districts), and
because of its housing may not be as susceptible to dust and dirt.
2. The 2-position limit switch design used by PVID and Tulelake ID is simple and
robust.
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3. ITRC prefers to use complete, commercially available position sensors such as a
Celesco PT420. Certainly the initial cost of such devices can often be reduced by
utilizing components and locally fabricating units, such as is done by PVID. But
good commercial units often have advantages of simplicity of purchase and
installation, better durability and accuracy, and ease of calibration.

CONTACT INFORMATION
Celesco Transducer Products, Inc.
7800 Deesing Avenue
P.O. Box 7964
Canoga Park, Ca 90309-7964
(800) 423-5483
www.celesco.com

Joyce
P.O. Box 1630
Dayton, Ohio 45401
(800) 523-5204
www.joycejacks.com
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Figure 11. TID Gate Actuator - Another view of the assembled device.
In this photo the motor, right angle reduction gear, chain drive, and limit switch are
clearly visible.
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Figure 12. TID Gate Actuator Showing Limit Switch.
A view of the TID gate actuator completely assembled. Note the limit switch and
traveling rod (on the left). The switch has been deflected in the “up” position. This
means the gate cannot travel up any further but can travel down. The blue colored “T” is
the stop that deflects the switch.
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Figure 13. TlD Chain Drive.
This is a chain drive on a TID gate actuator. This chain drive has about a 2:1 reduction.
Note the brass lifting nut that has been rounded and set inside the large sprocket. The
chain guard has been removed for this picture.

Actuators for Sluice Gates

Page 21
November 2000

Irrigation Training and Research Center
Cal Poly, San Luis Obispo, CA.
www.itrc.org

www.itrc.org/reports/pdf/sluicegates.pdf

Actuators for Sluice Gates

ITRC Report No. R 00-006

Figure 14. TID Gate Actuator.
Another view of the TID chain drive. Also visible in this picture is the right-angle gear
box with a 60:1 reduction.
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Figure 15. TID Lifting Nut and Sprocket.
This picture clearly shows the brass lifting nut has been rounded and set in the sprocket.
Note the square key on the left side of the stem.
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Figure 16. TID Limit Switch.
The limit switch on a TID gate actuator. The stop (blue “T”) has deflected the switch in
the upward direction meaning the gate is at its upper limit of travel. Note the stop is
adjustable on the traveling rod.
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Figure 17. PVID Gate Actuator.
This is a typical PVID gate actuator. In the foreground from left to right are an electrical
box, motor, reduction gear, and chain drive. The Joyce® jack enclosed stem is just
behind the motor on the right side. The position sensor mechanism is just behind the
motor on the left side. The limit switch is just visible below the center of the motor.
Note that the traveling rod for the limit switch mechanism also has a pointer on it (above
the center of the motor) to give a visual indication of the gate opening.
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Figure 18. PVID - 4 Gates, 1 Actuator.
Actuator driving four gates at PVID. Note the gate position sensor just to the right of the
chain drive guard. Four Joyce® jacks are connected with a driveshaft between each jack.
Visible are the motor, reduction gear, chain guard, and storage of the wheel used for
manual operation.
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Figure 19. Working end of a Joyce® Screw Jack.
On the right is the end of the screw that attaches to the gate with a Clevis pin. The gear
housing with the driveshaft protruding is visible.
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Figure 20. USBR-Provo Position and Limit Switch Device.
This is the device that senses the gate position and limits the gate travel. The limit
switches are visible below and to the right of the “big wheel”. The potentiometer to
sense the gate position is at the 8:00 position on the big wheel. “Stops” that deflect the
pivot arm – which trips the limit switches – are visible at the 7:00 and 2:00 positions on
the big wheel. ITRC feels this device is too complex for most districts to construct and
any cost savings would be offset by the time required for construction.
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